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LANGLEY CSM PROGRAM 

The Langley CSM program is organized as three teams. The first team’s primary responsibility is parallel structural methods 
research. The second team’s primary responsibility is testbed development. The third team’s primary responsibility is 
methods and application studies. Each team interacts with the other teams to achieve a synergistic effect. This paper will 
describe the objective and research directions of the third team. 
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The objective of the methods and application studies team is to identify, develop, and extend structural analysis and com- 
putational methods that have high potential for solving critical application problems and for removing analysis deficiencies. 
Structural applications and analysis deficiencies drive the methods development and the application of these methods should 
provide new insight for complex, nonlinear structural mechanics problems. The analysis and computational methods should 
be amenable to error analysis. That is, given a physical problem and a mathematical model of that problem, an analyst 
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CSM FOCUS PROBLEMS 
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COMPLEX STRUCTURES 



The Langley CSM activity employs the concept of focus problems to provide a common set of structural analysis problems for 
all CSM participants. Focus problems may be entire aerospace vehicles or various subcomponents that pose difficult structural 
mechanics problems. However, the problems selected as focus problems will challenge our ability to predict their structural 
response or will stretch our computing limits. These focus problems will help guide methods research and development for 
generic classes of problems. Focus problems will change as new technology evolves and computational structural mechanics 


CO 

0 ) 

3 

CO 

CO 


529 








V 

cd 

t <H 

o 

C-H 

0 

o 

0 

o 


4-> 

o 

0 

rs 

0 

•d 

o 

4-3 

C/3 

o 

cd 

C/3 

Oh 

rv 

Oi 

4-J 

«d 

fn 

03 

> 

4^ 

M 
• *— < 

C/3 


9 M . 
2 03 CO 

0 ,g 0 

3>.S 

§ g R 

*2 8 'S 

O 4> 

4-3 CO «3 

g « ga 
£ O g 

CO Oh -+-> 
W CO 
r Tj 03 


m o 3 

rt '-g S 

g a 

® a >> 

Oh 03 

^ Oh fl 

<4-1 Cd ^ 


cn W 

« .a « 


4-3 

X 

4-3 

«s 

<3 

j>> 

13 

o 

. rH 

»H 

03 

03 

tu 

tuo 

a 

M 

cd 

■ i 

cd 

W 

03 

CO 

a 

s 

Oh 

cd 

CO 

03 

IS 

f-H 

0 

& 

d 

03 

0 

a; 

03 

CO 

CO 

03 

H 

o 

CO 

o 

4J 

o 

0 

s 

o 

03 

r \ 


4-3 

, 

43 

j-t 

4J 

0 

\J 

> 

03 

CO 

d 

03 

fH 

d 

CO 

03 

.s 

> 

d 

03 


0 


cd 

J13 

s 

43 

£ 

G 

0 

X 


u 

r\ 

O 

o 

03 


rO CO 
m ^ 


w J3 
S > 
U S 

fl5 bO 


^ Oh O 

"oo £ « 

H « J 

.5 X> > 
o v ™ 

"-> £ 45 

2 <3 t3 

03 -* Cd 

V § S 
a> -a m 
S g o 

^ (U (=J 

v 5 ,H 

rO flj CO 


£ Oh 
co C/3 
cd > . . 

2 o 
^ a 
55 -2 
60 IS 


o -5 £ 

• I 9 

a; a> 
c/3 bJO 53 

cd *C cr 1 

c3 ^ * 

.h H r3 

f 3 W c 


4) Q, 

45 s 


£ S .s 


72 o 


«j «j 

t+_ o o 

O cd bD 


531 





75 

W 

hH 

Q 

P 

H 

75 

£ 

o 

H 

< 

o 

t— I 

Plh 

◄ 

p 

w 

H 

£ 

w 

1-4 

0 

1 

75 

u 

I— I 

H 

P 

◄ 

2 

o 

a 

w 

◄ 



533 






LL- 

O 

CO 

LLi 

LU 


cn 

H 

cn 

cr : 

X 

H 




534 












PS 

o> 

a 

<L> 

P! 

cpS 

o> 

u 

rG 

M 

a> 

a 

bJO 

PS 


P3 

bC 


A 

O 

a 

a 

cS 

■+^ 

PS 

.a 

•3 

cd 

bO 

>> 

bO 

lH 

<L> 

a 

<u 

.a 

M 

w 

0> 


bO 

g 

*>> 

TS 

3 

C/3 

.22 

Cu 

2 

O 

bO 

S 

c n 
O 
<d 

H 


w 

"3. 

s 

fH 

o 

(U 

CO 

cd 

V 

S 

+3 

f-t 

£ 

<U 

A 

H 


535 


In addition, Dr. Szabo of Washington University is studying p-extensions of the finite element method. Under NASA Grant 
No. NAG- 1-802, Dr. John Dow of the University of Colorado at Boulder is developing an error estimation procedure based 
on the difference between the strain energy of the finite element solution and the strain energy of the “smoothed” solution. 
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FINITE ELEMENT TECHNOLOGY 
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ASSESSMENT OF CSM TESTBED 
2-D SHELL ELEMENTS 
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GLOBAL/LOCAL STRESS ANALYSIS METHODOLOGY 
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MODELING CRITERIA FOR DETAILED STRESS 
ANALYSIS INADEQUATE 
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GLOBAL/LOCAL STRESS ANALYSIS METHODOLOGY 
- Current Program - 
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“ZOCM-IN” APPROACH FOR 
GLOBAL/LOCAL STRESS ANALYSIS 
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3-D LOCAL MODEL 
NEAR HOLE 
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SOLUTION TECHNIQUES 


LU h 

id 


q: 

0 Sg 

LL 2* 

« W 

C/) _l 
UJ OQ 


LU O 


-i b 
2 £ 

§ = 

2 CL 

I ^ 

h o 
^ u 


52 LU 

(/) QC 
LU QC 
Q D 
U 


a: (£ 

23 


Q- LU 

O 00 


548 


PROBLEMS WITH MODE-INTERACTION BEYOND 
CURRENT NONLINEAR ANALYSIS CAPABILITIES 


SOLUTION TECHNIQUES 
- Deficiencies - 
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SPARSE MATRIX METHODS 


- Current Program - 

The current Langley CSM program in solution techniques involves three areas. One area addresses the formulation aspects 
needed for large deflection, large rotation problems. The element- independent corotational formulation 2S - 24 developed under 
the STAGSC -1 contract forms the basis of the geometric nonlinear capability of the finite elements in the CSM Testbed. 
Some element developers supply only the linear stiffness matrix and the geometric stiffness matrix. Using these matrices 
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POSTBUCKLING RESPONSE OF ISOTROPIC CURVED PANEL 
DEMONSTRATED USING CSM TESTBED 
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